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DEGASlFlCATlON STUDY FROM AN AIR SHAFT IN THE BECKLEY COALBED 
By Tob ias  W. Goodman, 1 Joseph Cervik ,2  and George N. Au13 
ABSTRACT 
The Bureau of Mines conducted r e s e a r c h  t o  d e g a s i f y  a  v i r g i n  block 
n f  cna l  i n  t h e  Beckley Coalbed u s i n g  long h o r i z o n t a l  h o l e s  d r i l l e d  i n  an 
a r r a y  from t h e  bottom of a  v e n t i l a t i o n  a i r  s h a f t .  E i g h t  h o r i z o n t a l  
h o l e s  and a n  i n  s i t u  p r e s s u r e  h o l e  were d r i l l e d  i n  a  r a d i a l  p a t t e r n  t o  
d e p t h s  rang ing  from 418 t o  910 f t  (127 t o  277 m) and 205 f t  (62 m), 
r e s p e c t i v e l y .  
The i n v e s t i g a t i o n  showed t h e  s h a f t  was i n  a  b a s i n  s a t u r a t e d  w i t h  
w a t e r ,  which r e s u l t e d  i n  low gas  f lows from h o l e s .  The i n  s i t u  p r e s s u r e  
a t  200 f t  (61  m) i n t o  t h e  coalbed was 79 p s i g  (544.6 KN/m2). The aver-  
age  gas  and wate r  f lows f o r  t h e  e i g h t  h o l e s  were 94,100 f t 3 / d a y  
(2 ,665  m3/day) and 13 ga l /min  (49.3 l /min)  . A f t e r  514 days  of degas i -  
f i c a t i o n ,  18.7 m i l l i o n  f t 3  (0.53 m i l l i o n  m3) of gas  had been d r a i n e d .  
Methane f a c e  e m i s s i o n s ,  which were measured a s  a s e c t i o n  advanced toward 
t h e  s h a f t ,  were reduced about  77 p c t ,  emphasizing t h e  v a l u e  of d r a i n a g e  
by t h i s  t echn ique .  A l l  h o l e s  were g r o u t e d  b e f o r e  t h e  a r e a  around t h e  
s h a f t  was mined. 
' ~ i n i n g  eng ineer ,  P i t t s b u r g h  Research Cente r ,  Bureau of Mines, P i t t s b u r g h ,  Pa. 
2 ~ u p e r v  i s o r y  g e o p h y s i c i s t ,  P i t t s b u r g h  Research Cente r ,  Bureau of Mines, P i t t s -  
burgh,  Pa. 
3 ~ e o l o g i s t ,  Occ iden ta l  Research Corp., Keen Mountain, Va. 
INTRODUCTION 
Commercial q u a n t i t i e s  of methane 
have been produced by u s i n g  h o r i z o n t a l  
h o l e s  d r i l l e d  i n t o  v i r g i n  c o a l  from 
t h e  bottom of s h a f t s  i n  t h e  P i t t s b u r g h  
Coalbed; average  flow r a t e s  were between 
120 and 150 f t 3 / d a y  (11.1 and 13.8 m3/ 
day)  p e r  f o o t  (mete r )  of h o l e  f o r  
2-1/2 t o  3  y e a r s  (3-4) - - .4 The d r i l l i n g  
t e c h n i q u e s  and equipment used a t  t h e s e  
s i t e s  were d e s c r i b e d  e a r l i e r  ( 2 ) .  - 
The P i t t s b u r g h  and Beckley Coalbeds 
a r e  s i m i l a r .  Both a r e  blocky-type c o a l s  
having well-developed c l e a t s  and h i g h  
f r a c t u r e  p e r m e a b i l i t y .  A g e o l o g i c a l  
s t u d y  of t h e  Beckley Coalbed (1) showed 
t h a t  coalbed water  t h a t  c o l l e c t e d  i n  t h e  
r e g i o n a l  s y n c l i n e  a t  t h e  Maple Meadow 
Mine might f i l l  t h e  c l e a t  spaces  and pre-  
ven t  n a t u r a l  d e g a s i f i c a t i o n .  
The s tudy  d e s c r i b e d  h e r e i n  was ca r -  
r i e d  o u t  by t h e  Bureau of Mines t o  degas- 
i f y  a  p o r t i o n  of t h e  Beckley Coalbed and 
t o  determine t h e  e f f e c t s  of d e g a s i f i c a -  
t i o n  on methane f lows d u r i n g  mining. 
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EXPERIMENTAL PROGRAM 
D e s c r i p t i o n  of Study Area 100 f t  (30.5 m) a r e  common. The g e n e s i s  
of t h e s e  s t r u c t u r e s  is  a t t r i b u t e d  t o  a  
The d e g a s i f i c a t i o n  s i t e  was the  d e p o s i t i o n a l  environment.  
No. 2 s h a f t  l o c a t e d  i n  a  p r o j e c t e d  set of 
f i v e  e n t r i e s  a t  t h e  Maple Meadow Mine i n  The dominant r e g i o n a l  g e o l o g i c a l  
t h e  Beckley Coalbed ( f i g .  1)  . The s t r u c t u r e ,  t h e  P i n e v i l l e  Sync l ine ,  i s  
c o n c r e t e - l i n e d  s h a f t ,  24 f t  (7.3 m)  i n  o r i e n t e d  i n  a  NE-SW d i r e c t i o n .  The No. 2  
d i a m e t e r ,  is  d i v i d e d  f o r  i n t a k e  and s h a f t  is  l o c a t e d  i n  t h e  bottom of t h e  
r e t u r n  air. A t  the s h a f t ,  t h e  coalbed is  s y n c l i n c  (1). Local bedding f o l d s  a r e  
7 f t  (2.1 m) t h i c k  and overburden is  common. 
800 f t  (244 m). 
The s t r a t i g r a p h i c  column i s  sand- 
s t o n e s  (sometimes c r y s t a l l i z e d )  and 
s h a l e s  ( f i g .  2) .  Geo log ica l  f e a t u r e s  
r e p o r t e d  d u r i n g  mining i n c l u d e  sand chan- 
n e l s ,  washovers, and s p l i t s  ( f i g .  3 ) .  
Grades of 20 t o  30 f t  (6.1 t o  9.1 m) per  
---- -- 
% J n d e r l i n e d  numbers i n  p a r e n t h e s e s  
r e f e r  t o  i tems i n  t h e  l i s t  of r e f e r e n c e s  
p r e c e d i n g  t h e  appendixes.  
D r i l l i n g  Procedure  
A 30-hp (223.8 x 102 W) e l e c t r o h y -  
d r a u l i c  d r i l l  ( f i g .  4) was used t o  d r i l l  
t h e  h o l e s .  The d r i l l i n g  hardware 
inc luded  3-112-in (8.9-cm) d r a g  and r o l l -  
e rcone  b i t s ,  a  one-way check va lve ,  an 
18-f t  (5.5-m) NQ d r i l l  c o l l a r ,  s p i r a l  
c e n t r a l i z e r s ,  and BQ d r i l l  rods  ( f i g s .  5 





























































































































































































































































































FIGURE 4. - Electrohydraulic dri l l .  
Centralizers 
Length- 10 in, 25.4cm 
7 Diam - 3g in, 87cm 
{BQ drill casing 1  rill collar, / I / Bit, 3 2  in, 
18 f t ,  55 m 8.9 cm 
FIGURE 5. - Dr i l l ing assembly, standard. 
Centralizer, 
Drill collar, 
BQ drill casing 18 ft, 5 5 m  
Length- I0 - in, 254cm 
FIGURE 6. - D r i l l i n g  assembly, modif ied. 
FIGURE 7. - Loca t ion  and length o f  ho les  and ~ r o i e c t e d  main entr ies.  
F i r s t ,  a  20-f t  (6.1-m), 4-in (10.2- 
cm) d i a m e t e r  s t e e l  p i p e  was g r o u t e d  i n t o  
t h e  coa lbed .  Then, a  Bureau-designed 
s t u f f i n g  box and a 4-in (10.2-cm) f u l l -  
p o r t  v a l v e  were a t t a c h e d  t o  t h e  s t e e l  
p i p e .  The s t u f f i n g  box s e p a r a t e s  g a s  
frorn w a t e r  and d r i l l  c u t t i n g s  d u r i n g  
d r i l l i n g .  F l e x i b l e  t u b i n g  d u c t s  t h e  
methane frorn t h e  s e p a r a t o r  t o  a  4-in 
(10.2-cm) d i a m e t e r  v e r t i c a l  s t e e l  p i p e  i n  
which t h e  r e a r  c e n t r a l i z e r  i s  removed 
( f i g .  6 )  from t h e  s t a n d a r d  assembly was 
used  t o  s t a r t  h o l e s  1 ,  2, and 5 ( 5 ) .  - 
Underground P i p e l i n e  ---------.------- 
As e a c h  h o l e  was comple ted  i t  was 
connec ted  by 2-in (5.1-cm) s t e e l  p i p e  t o  
t h e  v e r t i c a l  s t e e l  p i p e l i n e  i n  t h e  r e t u r n  
s i d e  of  t h e  s h a f t .  The p i p i n g  a r r a n g e -  
t h e  r e t u r n  s i d e  of t h e  s h a f t .  The meth- ment i n c l u d e d  a  v a l v e ,  a gas-water  sep-  
a n e  was d i s c h a r g e d  i n t o  t h e  a tmosphere  a t  a r a t o r  t a n k ,  a  v e n t u r i  me te r  ( f o r  making 
t h e  s u r f a c e .  The 30- f t  (9.1-m) v e n t i n g  g a s  f l o w  r e a d i n g s ) ,  and a  second gas-  
s t a c k ,  equipped w i t h  a  f lame a r r e s t o r ,  w a t e r  s e p a r a t o r  d i r e c t l y  b e n e a t h  t h e  ve r -  
was grounded.  t i c a l  s t e e l  p i p e l i n e .  
A Sperry-Sun s i n g l e - s h o t  s u r v e y  
i n s t r u m e n t  was used  t o  measure v e r t i c a l  
b i t  i n c l i n a t i o n  e v e r y  20 t o  40 f t  (6.1 t o  
12.2 m) d u r i n g  d r i l l i n g .  A f t e r  e a c h  h o l e  
was comple ted ,  i t s  l o c a t i o n  was d e t e r -  
mined i n  t h e  az imuth  p l a n e  and t h e n  
p l o t t e d  on mine maps. F i g u r e  7  shows t h e  
l o c a t i o n  and l e n g t h  of e a c h  h o l e  d r i l l e d  
f rom t h e  s h a f t .  
S e v e r a l  d r i l l i n g  t e c h n i q u e s  were 
used  d u r i n g  t h e  s t u d y  t o  va ry  t h e  b i t  
r e sponse .  These  i n c l u d e  changes  i n  
d r i l l i n g  p a r a m e t e r s  ( t h r u s t  and r o t a -  
t i o n a l  s p e e d )  and i n  t h e  d r i l l i n g  
assembly .  The s t a n d a r d  assembly  ( 2 ) ,  b i t  
p l u s  c e n t r a l i z e r  p l u s  18 - f t  (5.5-m7 d r i l l  
c o l l a r  p l u s  c e n t r a l i z e r  ( f i g .  5 ) ,  was 
used  t o  s t a r t  h o l e s  3 ,  4 ,  and 6. A f o u r -  
wing d r a g  b i t  w i t h  a  10 - f t  (3.0-m) NW 
d r i l l  c o l l a r ,  s u b s t i t u t e d  i n  t h e  s t a n d a r d  
a s sembly  t o  d r i l l  h o l e  7 ,  was found t o  be 
u n c o n t r o l l a b l e .  A mod i f i ed  assembly  i n  
A methane-monitoring s y s t e m  (6) was 
i n s t a l l e d  t o  d e t e c t  l e a k s  t h a t  might 
o c c u r  i n  t h e  p i p e l i n e .  S e n s o r s  were 
p o s i t i o n e d  a t  t h e  t o p  and bot tom i n  t h e  
r e t u r n  s i d e  of t h e  s h a f t .  A i r - a c t u a t e d  
s h u t o f f  v a l v e s  were connec ted  t o  e a c h  
h o l e  and p r e s s u r i z e d  by a  1- f t3 /min  
( 0  .028-m3 /min) compressor  l o c a t e d  a t  t h e  
s u r f a c e .  The v a l v e s  c l o s e  a u t o m a t i c a l l y  
when t h e  methane m o n i t o r s  d e t e c t  more 
t h a n  1.5 p c t  methane. 
Gas A n a l y s i s  ----- 
T e s t s  conducted  i n  t h e  P i t t s b u r g h  
Coalbed a t  t h e  F e d e r a l  No. 2 Mine (3-4) - -  
have shown t h a t  coa lbed  g a s  can  be sub- 
s t i t u t e d  f o r  n a t u r a l  g a s .  T a b l e  1  com- 
p a r e s  t h e  a v e r a g e  compos i t ion  of gas  
l i b e r a t e d  f rom t h e  e i g h t  h o l e s  d r i l l e d  a t  
t h e  No. 2  a i r  s h a f t  w i t h  t h a t  of t h e  
p r e v i o u s  s t u d i e s .  
T a b l e  1. - Comparat ive g a s  a n a l y s i s ,  p c t  
Coalbed 
~ i t t s b u F g h  ( m u l t i p u r p o s e  b o r e h o l e )  
P i t t s b u r g h  [ 1 8 - f t  (5.5-m) diam. 
s h a f t ] . . . . . . .  .................... 
Beckley  (No. 2  a i r  s h a f t ) .  ........ -- 3.12 96.71 
RELATIONSHIP BETWEEN DATA OBTAINED FROM HORIZONTAL DRILLING 
AND THE GEOLOGY OF THE COALBED 
A contour  map of t he  Beckley Coal- 
bed, based on d a t a  ob ta ined  from s u r f a c e  
exp lo ra to ry  diamond d r i l l  ho les  i r r egu -  
l a r l y  spaced a t  500- t o  2,000-ft (152.4- 
t o  6 0 9 . 6 3 )  i n t e r v a l s ,  was a v a i l a b l e  
when d r i l l i n g  s t a r t e d .  This  gene ra l i z ed  
s t r u c t u r e  map ( f i g .  8 )  shows t h a t  t h e  
No. 2 s h a f t  is l o c a t e d  i n  a s y n c l i n a l  
t rough  which t r e n d s  i n  t h e  NE-SW d i r ec -  
t i o n .  The maximum d i p  of t h e  coalbed 
a long  t h e  f l a n k s  of t he  s y n c l i n e  is  l e s s  
than  2" (0.035 r a d ) .  
F igures  9 and 10 show t h e  ho l e  
t r a j e c t o r i e s  i n  t h e  v e r t i c a l  plane f o r  
t h e  e i g h t  ho l e s  d r i l l e d .  A contour  map 
was drawn based on t h e s e  s e c t i o n s  by 
e v a l u a t i n g  t h e  d i f f e r e n c e s  i n  e l e v a t i o n  
between t h e  c o l l a r s  of t h e  ho l e s  and con- 
t a c t s  wi th  t he  roof and f l o o r  rock along 
t h e  l eng ths  of t h e  h o l e s  ( f i g .  11). This 
map, which adds ref inements  t o  f i g u r e  8 ,  
shows s e v e r a l  r o l l s  i n  t h e  a r e a  e a s t  of 
t h e  s h a f t .  The t rough of t he  sync l i ne  is  
r o t a t e d  and t r ends  i n  a N-S d i r e c t i o n ,  i n  
c o n t r a s t  t o  f i g u r e  8.  Dips no r theas t  of 
t h e  s h a f t  a r e  g r e a t e r  than  2" 
(0.035 r a d ) .  
Af te r  t h e  a r e a s  around t h e  s h a f t  had 
been mined, a contour  map based or1 the 
e l e v a t i o n  surveys i n  t he se  e n t r i e s  was 
cons t ruc t ed  ( f i g .  12) .  Close agreements 
e x i s t  between f i g u r e s  11 and 12. Fig- 
u r e  13 shows f i n a l  ref inement  of geologi-  
c a l  s t r u c t u r e  around t h e  s h a f t .  
PATTERNS OF GAS AND WATER FLOWS 
Gas and water  flows from t h e  i n d i -  ho l e  6. Average water  flows ranged from 
v i d u a l  ho l e s  a r e  shown i n  f i g u r e s  14 0.2 gal/min (0.8 l /min)  from hole  7 t o  
and 15. Average gas  flows ranged from 4.5 gal/min (17.1 l /min)  from ho l e  1 
3,400 f t 3 / d a y  (96.3 m3/day) from hole  2 ( t a b l e  2 ) .  
t o  26,100 f t 3 / d a y  (739.4 m3/day) from 
Table 2. - Average gas  and water  flows 
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FIGURE 14. - Gas and water flows, hoies 1, 2, 3, and 4. 
P/ min gal/min lo3 f t3/day k m3/day 
1 5 0 ~  101 I I I I I I I I I I I I I 140 
KEY Hole 8 
5-  
W a t e r  
---- '--,----, ---,-- -- 
5 0  
Gas -\ JI Grouted 
I I 1 0 
I I) \ Hde 7 
0 2o I" 
15, I I I I I I I I I I I I I - 6 0  
Hole 6 
Hole 5 
I  I I ! 
-20 1 .8 
.4 
- - ___---------__ 
0 0 
360 4 0 0  4 4 0  480  520  
TIME, days 
FIGURE 15. - Gas and water flows, holes 5, 6, 7, and 8. 
The coalbed sur rounding  t h e  s h a f t  
a p p e a r s  t o  be s a t u r a t e d  wi th  water  
because  of t h e  h igh  average water  f lows 
f o r  a l l  h o l e s  except  h o l e  7. Water is  
m i g r a t i n g  down t h e  f l a n k s  of t h e  s y n c l i n e  
toward t h e  s h a f t  s i t e  ( f i g .  13).  A 
f looded  abandoned mine i s  l o c a t e d  about  
5,700 f t  (1,737 m) southwest  of t h e  s h a f t  
s i t e ,  and t h i s  mine may be t h e  source  of 
some of t h e  w a t e r  m i g r a t i n g  toward t h e  
s h a f t .  Hole 1 ,  whi.=h was d r i l l e d  toward 
t h e  abandoned mine, produced water  a t  a n  
average  r a t e  of 4.5 ga l /min  (17.1 l /min)  
( t a b l e  2 ) .  
Migra t ion  of water  toward t h e  s h a f t  
from t h e  e a s t  is  preven ted  by a  r o l l  i n  
t h e  coalbed ( f i g .  13).  Within 400 f t  
(121.9 m) of t h e  s h a f t  i n  an  e a s t e r l y  
d i r e c t i o n ,  t h e  coalbed rises 23 f t  
(7.0 m) and then r o l l s  over  ( f i g .  16).  
Nor theas t  of t h e  s h a f t  s i t e ,  water i s  m i -  
g r a t i n g  down t h e  f l a n k s  of t h e  s y n c l i n e  
toward t h e  i n t a k e  s i d e  of t h e  s h a f t .  
Water p roduc t ion  from h o l e  6  averaged 
1.0 g a l l m i n  (3.8 l /min) .  
F igure  17 shows t o t a l  g a s  and water  
f low r a t e s  f o r  a l l  h o l e s .  The peak gas  
f low was 136,000 f t 3 / d a y  (3 ,853 m3/ 
d a y ) ,  compared wi th  1,000,000 f  t3 /day 
(28,329 m3/day) from a  s i m i l a r  s tudy  i n  
t h e  P i t t s b u r g h  Coalbed ( 4 ) .  Cumula- 
t i v e  gas  and wate r  p roduc t ion  a f t e r  
514 days  was 18,700,000 f t 3  (529,745 m3) 
and 5,705,000 g a l  ( 2 1 , 6 2 1 , 9 5 0 1 ) ,  
r e s p e c t i v e l y .  
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FIGURE 17. - Total gas and water flows. 
EFFECTIVENESS OF DEGASIFICATION 
Methane emiss ion  measurements were was about  550 f t  (167.6 m) from t h e  s h a f t  
made p e r i o d i c a l l y  i n  t h e  s e c t i o n  advanc- ( f i g .  18) .  To avo id  an exp los ion  hazard 
i n g  toward t h e  s h a f t  s i t e  t o  determine when a  h o l e  is  i n t e r c e p t e d  by mining,  
t h e  e f f e c t s  of d e g a s i f i c a t i o n  on mining. h o l e s  i n  t h e  e a s t e r l y  d i r e c t i o n  were 
Gas f lows  from t h e  f a c e s  of t h e  s e c t i o n  g rou ted .  Gas f lows  through the  s e c t i o n  
d e c l i n e d  from 260 t o  60 f t3 /min  (7.4 t o  f a c e s  g r a d u a l l y  i n c r e a s e d  t o  150 f t3 /min  
1.7 m3/min), o r  77 p c t ,  when t h e  s e c t i o n  (4.2 m3/min) a f t e r  g r o u t i n g .  
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FIGURE 18. - Gas flow from section faces. 
SUMMARY 
Although commercial quantities of prevented dewatering of the coalbed, 
gas were not produced, methane emissions and consequently, gas flows from 
during mining were lowered in the section the drainage holes were low. 
advancing toward the shaft. The gas flow Total gas and water produc- 
into the mine increased after the tion was 18,700,000 ft3 (529,745 m3) 
drainage holes were grouted. Water and 5,705,000 gal (21,621,950 l), 
migrating toward the shaft site from the respectively. 
northerly and westerly directions 
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APPENDIX Am--GAS PRESSURE TESTS 
A 205-ft  (62.5-m) l o n g  gas -p res su re -  
m o n i t o r i n g  h o l e  was d r i l l e d  on t h e  
i n t a k e  a i r  s i d e  of t h e  s h a f t  a f t e r  
h o l e s  1  t o  5  were  d r i l l e d  on t h e  r e t u r n  
s i d e  ( f i g .  7 ) .  The i n i t i a l  p r e s s u r e ,  
79 p s i g  (544.6 kN/m2) ( f i g .  A-1), f e l l  t o  
37 p s i g  (255.1 kN/m2) a f t e r  h o l e s  6  and 8 
were d r i l l e d  nea rby .  
A g a s  p r e s s u r e  t e s t  was r u n  on 
h o l e  3  immedia t e ly  a f t e r  i t s  comple t ion .  
When t h e  h o l e  was s h u t - i n ,  t h e  p r e s s u r e  
i n c r e a s e d  f rom 9  t o  18.5 p s i g  (62.0 t o  
127.5 k ~ / m ~ )  i n  3-112 h r .  The test  was 
t e r m i n a t e d  b e c a u s e  methane c o n c e n t r a t i o n  
i n  t h e  immedia te  a r e a  of t h e  s h a f t  had 
i n c r e a s e d  t o  1.5 p c t .  T h i s  test  i n d i -  
c a t e s  t h a t  t h e  g a s  p r e s s u r e  i n  t h e  p ipe -  
l i n e  t o  t h e  s u r f a c e  v e n t i n g  s t a c k  w i l l  
b u i l d  t o  a b o u t  18.5 p s i g  (127.5 k ~ / m 2 )  i f  
t h e  p i p e l i n e  o r  s t a c k  is  b locked  by 
d e b r i s  o r  f r o z e n  water. 
300 320 340 360 380 400 420 440 460 
TIME, days 
FIGURE A-1. - Gas f lows versus in s i tu  pressure, holes 6 and 8. 
APPENDIX 8.--MINING THROUGH DEGASIFICATION HOLES 
Mining i n t o  a  d e g a s i f i c a t i o n  h o l e  
r e l e a s e s  l a r g e  q u a n t i t i e s  of gas  i n t o  t h e  
c u t t i n g  head of a  miner ,  and enormous 
amounts of a i r  would be r e q u i r e d  t o  
d i l u t e  t h e  methane r a p i d l y  t o  below 
1  p c t .  Because such large-volume f lows  
of  a i r  a r e  not  a v a i l a b l e  a t  t h e  i n t e r c e p -  
t i o n  p o i n t ,  d r a i n a g e  h o l e s  a r e  s e a l e d  
w i t h  cement b e f o r e  i n t e r c e p t i o n  by 
mining. 
P rocedures  f o r  s e a l i n g  d r a i n a g e  
h o l e s  a t  t h e  Maple Meadow s h a f t  s i t e  were 
s i m i l a r  t o  s e a l i n g  p rocedures  used i n  t h e  
P i t t s b u r g h  Coalbed (1). A 1.5-in 
(3.8 cm) I D ,  s chedu le  40 p o l y v i n y l  chlo-  
r i d e  (PVC) p i p e  was i n s e r t e d  t o  t h e  back- 
end of each  h o l e .  The p i p e  was coupled 
u s i n g  a  PVC cement and manually pushed 
i n t o  t h e  ho le .  The cement s l u r r y  was 
pumped through t h e  PVC p i p e  t o  t h e  back- 
end of t h e  h o l e .  When t h e  cement s l u r r y  
r e t u r n e d  through t h e  annu lus  t o  t h e  
c o l l a r  of t h e  h o l e ,  t h e  h o l e  was s h u t - i n  
and t h e  s l u r r y  was p r e s s u r i z e d  t o  200 t o  
300 p s i g  (1 ,378 t o  2,068 k ~ / m 2 ) .  The 
s l u r r y  c o n s i s t e d  of cement, f l y a s h ,  and 
w a t e r  ( t a b l e  B-1). 
Tab le  B-1. - Cement s l u r r y  d e s i g n  ------- ---- 
Component --- Quant i ty  
C l a s s  A p o r t l a n d  cement...... 1 s a c k  (94 l b )  (42.6 kg) 
Flyash... . . . . . . . . .  ........... 1 sack  (75 l b )  (34.0 kg) 
Water........................ 10 g a l  (37.9 1) 
F r i c t i o n  r e d u c e r  (CFR-2) l.... 2.5 l b  (1.1 kg) 
T e f e r e n c e  t o  s p e c i f i c  p r o d u c t s  does  no t  imply en- 
dorsement by t h e  Bureau of Mines. 
Hole 8  was g r o u t e d  (day 415) when 
t h e  s e c t i o n  advancing toward t h e  s h a f t  
was abou t  200 f t  (61.0 m) from t h e  end of 
h o l e  8  ( f i g .  7 ) .  T h i s  h o l e  was subse- 
q u e n t l y  used t o  g u i d e  t h e  mining machine 
i n t o  t h e  s h a f t .  Holes 6  and 7  and t h e  
g a s - p r e s s u r e m o n i t o r i n g  h o l e  were g rou ted  
on day 450. Holes 4  and 5  were s e a l e d  
on day 555 and h o l e s  1 ,  2,  and 3  on 
day 644. 
F i v e  of t h e  seven  d r a i n a g e  h o l e s  
were i n t e r c e p t e d  by mining,  and methane 
problems developed when h o l e  1 was i n t e r -  
c e p t e d .  Water f low from h o l e  1  immedi- 
a t e l y  b e f o r e  g r o u t i n g  was abou t  5  ga l /min  
(18.9 l / m i n ) ,  which d i l u t e d  t h e  s l u r r y ;  
s u b s e q u e n t l y  wa te r  s e p a r a t i o n  from t h e  
s l u r r y  c r e a t e d  v o i d s .  A mechanical  
packer  was p laced  i n  t h e  h o l e  t o  s e a l  a  
s m a l l  l eakage  of methane from t h e  h o l e  a t  
t h e  i n t e r c e p t i o n  p o i n t .  Voids were a l s o  
observed when h o l e  2  was i n t e r c e p t e d  by 
mining,  but  no g a s  f low was d e t e c t e d  from 
t h e  h o l e .  Water f low from h o l e  2  b e f o r e  
s e a l i n g  was abou t  2  ga l /min  (7.6 l /min) .  
Hole 5  was s e a l e d  a f t e r  t h e  h o l e  
had been i n a d v e r t e n t l y  i n t e r c e p t e d  by 
mining.  Methane f low from t h e  h o l e  when 
i n t e r c e p t e d  was abou t  3.5 f t 3 / m i n  
(0.1 m3/min), which caused no methane 
problems. No methane problems developed 
when h o l e s  3 ,  4, and 8  were i n t e r c e p t e d .  
Examination of h o l e s  3 and 8 a t  t h e  
i n t e r c e p t i o n  p o i n t s  i n d i c a t e d  t h e  s l u r r y  
f i l l e d  t h e  h o l e s ;  no vo ids  were observed.  
Holes 6  and 7  were not  i n t e r c e p t e d  by 
mining. 
G e n e r a l l y ,  where wa te r  f low from 
a  d r a i n a g e  h o l e  b e f o r e  g r o u t i n g  i s  
g r e a t e r  t h a n  2  ga l /min  (7.6 l / m i n ) ,  
e x c e s s i v e  d i l u t i o n  of t h e  s l u r r y  occurs  
w i t h  subsequent  f o r m a t i o n  of vo ids .  When 
i n t e r c e p t e d  by mining,  t h e  excess  wa te r  
can be f o r c e d  from t h e  v o i d s  by gas  
p r e s s u r e ,  fo l lowed by a  f low of methane. 
Where w a t e r  f lows  a r e  0.5 ga l /min  
(1.9 l l m i n )  o r  l e s s ,  h o l e s  a r e  
s a t i s f a c t o r i l y  s e a l e d .  
